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Abstract. The main aims of the NA61/SHINE experiment are to discover the critical point
of strongly interacting matter and to study properties of the onset of deconfinement. For
this goal a two dimensional scan of the phase diagram (T-µB) is being performed at the SPS
with measurements of hadron production in proton-proton, proton-nucleus and nucleus-nucleus
interactions as a function of collision energy and system size. It is expected that fluctuations
of various dynamical quantities will increase close to the critical point. In this contribution
recent results of measurements of fluctuations in p+p and Be+Be collisions at SPS energies
are presented as well as comparisons with model predictions and corresponding data of other
experiments are discussed.
1. Introduction
The NA61/SHINE experiment [1] is a fixed target experiment at the Super Proton Synchrotron
(SPS) of the European Organization for Nuclear Research (CERN). The strong interaction
programme of NA61/SHINE consists of studies of the onset of deconfinement (OD) [2], [3] in
heavy ion collisions and search for the critical point (CP) [4] of strongly interacting matter.
A two-dimensional phase diagram scan - energy versus system size - is being performed by
NA61/SHINE. It includes measurements of hadron production in collisions of protons and
various nuclei (p+p, Be+Be, Ar+Sc, Xe+La) at a range of beam momenta (13A - 158A GeV/c).
It is expected that there will be an enhancement of fluctuations of a number of observables due
to the phase transition related to the CP and the OD [5]. Some hints of this enhancement were
already observed by the NA49 experiment [6], predecessor of NA61/SHINE, at the top SPS
energy [7].
2. Fluctuation measures
The size of the system created in collisions of two nuclei changes significantly from event to event
influencing fluctuations of measured quantities. The following classification of observables was
introduced: 1) extensive quantity - proportional to the system volume in the Grand Canonical
Ensemble or the number of the wounded nucleons in the Wounded Nucleon Model [8] 2) intensive
quantity - independent of the system volume 3) strongly intensive quantity [9] - independent of
the system volume and fluctuations of this volume. Strongly intensive quantities are best suited
to study fluctuations in nucleus-nucleus collisions because of the unavaoidable event-to-event
variations of the volume.
ar
X
iv
:1
51
0.
00
17
4v
1 
 [n
uc
l-e
x]
  1
 O
ct 
20
15
The most common way to characterize fluctuations of the quantity A is to measure the
variance of its distribution V ar(A) which is an extensive quantity. The scaled variance
ω[A] =
V ar(A)
〈A〉 (1)
is intensive. For the Poisson distribution ω = 1. Section 2.1 is devoted to this quantity applied
in the analysis of multiplicity fluctuations.
As was shown in [9], there are two ways to combine the first two moments of extensive
observables A and B to get strongly intensive quantities:
∆[A,B] = 1C∆
[
〈B〉ω[A]− 〈A〉ω[B]
]
(2)
Σ[A,B] = 1CΣ
[
〈B〉ω[A] + 〈A〉ω[B]− 2(〈AB〉 − 〈A〉〈B〉)
]
(3)
The normalization factors C∆ and CΣ are usually chosen in such a way [10] that for independent
particle emission ∆[A,B] = Σ[A,B] = 1. In Section 2.2 results for electric charge fluctuations
are presented. In this case:
A = N+, B = N−, C∆ = 〈N−〉 − 〈N+〉, CΣ = 〈N−〉+ 〈N+〉.
2.1. NA61/SHINE multiplicity fluctuation studies
The analysis of multiplicity fluctuations was performed for inelastic p+p interactions at
√
sNN =
7.6, 8.7, 12.3, 17.3 GeV and for centrality selected Be+Be interactions at
√
sNN = 6.27, 8.73,
11.94, 16.83 GeV. Results are preliminary, include the statistical uncertainty and a first estimate
of systematic uncertainty.
Figure 1 presents results for the scaled variance of the charged hadron multiplicity distribution
from Be+Be collisions and inelastic p+p interactions [11]. ω increases with energy probably due
to KNO scaling (variance of the multiplicity distribution increases faster than its mean). Larger
values for Be+Be than for p+p collisions are probably due to volume fluctuations because ω is
not a strongly intensive measure.
Figure 1. Scaled variance of the multiplicity distribution for Be+Be collisions of several collision
centralities and energies for all charged (left), negatively charged (middle) and positively charged
(right) particles compared with the corresponding results from the energy scan with inelastic
p+p interactions [11].
In order to measure fluctuations of particles of specific types a new identification procedure
(the identity method [12]) was developed. It allows to determine the second and third moments
of the multiplicity distribution when the particle identification is not unique but can only be
done on a statistical basis. Applying this method NA49 and NA61/SHINE determined the scaled
variance of the multiplicity distribution of identified protons, kaons and pions in inelastic p+p
and 3.5% most central Pb+Pb collisions [13]. For pi as well as for all charged particles we observe
a linear increase of ω with the collision energy and higher values of ω for the larger system. For
K and p these properties are probably masked by effects of baryon number conservation and
strangeness conservation.
Both for unidentified and identified charged particle fluctuations no indication of the CP is
found.
Figure 2. Scaled variance ω of the multiplicity distribution of protons, kaons, and pions
versus nucleon-nucleon cms energy
√
sNN for the 3.5% most central Pb+Pb collisions (NA49,
full squares) and inelastic p+p reactions (NA61, open triangles) [13].
2.2. NA61/SHINE electric charge fluctuation studies
Fluctuations of conserved charges are expected to be sensitive to phase transitions [14]. An
analysis of fluctuations of electric charge was performed for Be+Be interactions at
√
sNN = 16.83
GeV for three centrality classes 0-5%, 0-10% and 0-20%. Centrality was determined from the
energy deposited in the NA61/SHINE forward calorimeter - the Projectile Spectator Detector
(PSD). ∆[N+, N−] and Σ[N+, N−] were calculated for 9 pseudorapidity intervals centred at
pseudorapidity ηlab = 4.6 in the laboratory reference frame. The width of the interval varies
from 0.2 to 3.4 units of pseudorapidity. Results are preliminary and include the statistical
uncertainty.
In Figure 3 results for ∆[N+, N−] and Σ[N+, N−] are plotted as a function of the width of
the pseudorapidity interval for three centrality classes. The weak dependence on centrality in
Be+Be shows that the fluctuations do not depend on the collision volume. The suppressed (<1)
values of Σ[N+, N−] are probably due to global conservation of electric charge. This effect is
less visible for ∆[N+, N−].
In Figure 4 a comparison of ∆[N+, N−] and Σ[N+, N−] for the 0-20% centrality class with
the prediction from the EPOS1.99 model [15] is shown. Theoretical predictions were restricted
to the NA61/SHINE geometrical acceptance. One can see that the behaviour of the measured
charge fluctuation quantities is well reproduced by the EPOS model.
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Figure 3. ∆[N+, N−] (left) and
Σ[N+, N−] (right) as a function of
the width of pseudorapidity interval
δη for 0-5% (red), 0-10% (blue)
and 0-20% (black) centrality classes
for Be+Be interactions at
√
sNN =
16.83 GeV.
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Figure 4. ∆[N+, N−] (left) and
Σ[N+, N−] (right) as a function
of the width of pseudorapidity
interval δη for 0-20% centrality
class (black) in comparison with
predictions from the EPOS model
(blue) for Be+Be interactions at√
sNN = 16.83 GeV.
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